Abstract -The level of genetic differentiation between anadromous and non-andromous trout (Salmo trutta L.) coexisting in a Norman river (Oir river) was examined at 15 microsatellites markers. Despite a large amount of variation, no genetic differentiation was found between forms. Four domesticated stocks were also genotyped with the same loci. Highly significant differences were found with natural samples allowing to exclude a recent stocking effect on the Oir population. We conclude that the resident and anadromous trout form a single naturally reproducing unit in this river system. However, this conclusion could reflect particular ecological or demographic conditions in the Oir basin and needs to be validated in other hydrographical and ecological contexts.
Introduction
Anadromous and resident forms of Salmo trutta often live in sympatry in the Western Atlantic rivers of the native area. These two forms differ by their morphological, demographical and ecological characteristics (Nall 1938; Frost and Brown 1967; Campbell 1977; Baglinière et al. 2000) and have even been classified as different species in the past (Mills 1971; Elliott 1994) . Despite clear differences in their life cycle, the extent of direct and indirect biological interactions in sympatry, through competition for food or space, and the extent of reproductive isolation between these two forms are still in discussion. The two forms may use the same locality for spawning during overlapping periods and are morphologically identical at the juvenile stage. Each form could have individuals a Corresponding author: katia.charles@rennes.inra.fr of the other form in their progeny (Skrochowska 1969; Ombredane et al. 1996; Debowski et al. 1999 ) and they interbreed to give fertile offspring (Frost and Brown 1967) .
Migratory behaviour is a quantitative trait under partial genetic (Jonsson 1982; Palm and Ryman 1999) and environmental controls such as food (Nordeng 1983) and it is still today always difficult to prove and estimate their respective contribution. Existence of genetic differences between anadromous and resident forms have been reported for several salmonid species (Salmo salar: Verspoor and Cole 1989; Vuorinen and Berg 1989; Oncorhynchus nerka: Foote et al. 1989; Wood and Foote 1996; Salvelinus alpinus: Hindar 1986; Jonsson and Jonsson 2001; Klemetsen et al. 2002) . In Salmo trutta, studies on genetic divergence between the migratory and nonmigratory forms have lead to different conclusions, from lack of genetic divergence (Guyomard et al. 1984; Hindar et al. 1991; Cross et al. 1992; Pettersson et al. 2001 ) to some degree of isolation (Krieg and Guyomard 1985; Krueger and May 1987; Skaala and Naevdal 1989) . When they exist, such differences are difficult to interpret (Ferguson 1989; Northcote 1992) since they can also reflect isolation by distance or physical barriers (Jonsson 1982; Skaala and Naevdal 1989; Näslund 1993) , or differential stocking effects on each of the ecotypes (Krieg and Guyomard 1985; Hauser et al. 1991; Hansen et al. 2000) .
To date, most of the investigations on genetic differentiation between migratory and resident brown trout have been based upon protein data. Microsatellites have been scarcely used despite their higher potential to address questions related to ecotypes differentiation and stocking effects in trout (Nielsen and Fountain 1999; Hansen et al. 2001; Fritzner et al. 2001; Palm et al. 2003) .
In this note, we report application of microsatellite markers to the analysis of genetic differentiation between sympatric anadromous and resident forms of Salmo trutta. Brown trout samples came from the River Oir, a tributary of the River Selune in Normandy (France).
Materials and methods

Fish sampling
Resident and migratory trout were collected in the Oir river, a tributary of the Selune river, which is 19 km long with a 85 km 2 watershed area. Overlapping of spawning areas and periods have been recently shown in this basin (Charles et al. 2004) .
The sampling area ( Fig. 1 ) is a section of 14 km, which includes 12 km of the main stream between the Cerisel station and the Moulin-du-Buat dam and the lower part (2.2 km) of the La Roche Brook, a tributary of the Oir river. This area was chosen because demographic data at the individual level and stocking information have been accumulated on its native brown trout population over 15 years. This allowed us to avoid or minimize potentially confounding effects of temporal and geographic variation or stocking in the interpretation of genetic differentiation between ecotypes. The study section is always accessible to the two forms of trout. Twenty-nine resident and twenty-six anadromous trouts were collected by electrofishing. All these fish had Pit-tag (Passive Integrated Transponder TROVAN system) which have been implanted at age 0+ or 1+ and proved that the fish originated from the Oir basin. All these fish were 2+ or 3+ when they were caught and belong to the 1996 or 1997 cohorts. The anadromous or resident status of each fish was based on the phenotype, the size and the identification of a marine phase by scale reading. Fish were anaesthetized with Phenoxy-ethanol and fin-clipped for genotyping. Fin-clips were stored in 95% ethanol. Stocking has been stopped for more than ten years in the area studied. However, to assess a potential persistent impact of stocking in the wild population and discard the possibility that the Oir population is a recently introduced self-sustaining hatchery stock, four hatchery samples (Chauvet, Xertigny, Farcy, Fédération) were collected. Fédération and Farcy strains were the most frequently used to stock the River Oir in the past. The two others stocks come from east of France (Vosges) and were included to obtain a more extensive description of genetic variation which can be found in hatchery stocks and to check if the assessment of the stocking impact remain valid when a larger spectrum of hatchery stocks is considered. This sampling design allowed us to exclude or take into account causes of differentiation such as non-indigenous origin of fish.
Genotyping
DNA was extracted from fin clips according to the proteinase K/Chelex extraction protocols (Estoup et al. 1996) and then stored at −20
• C. The six population samples were analysed with 15 microsatellite markers ( Table 1 ). All loci were earlier assigned to distinct linkage groups and all are independent (Table 1) . Procedures for PCR reaction and PCR product separation and visualisation have been described in Launey et al. (2003) . Primer sequences, annealing temperature and MgCl 2 concentration are given in Table 1 . Individuals with known genotypes were used as controls to allow comparison across gels.
Statistical analyses
Statistical significance of the genetic differentiation between anadromous and resident samples was tested with a hierarchical AMOVA using A ver 2.000 (Schneider et al. 2000) . This allowed to take into account the variation between 96 and 97 cohorts and to avoid confusion between ecotype and temporal differences. The G 4.03 (Belkir et al. 2000) program was used to estimate allele frequencies, number of alleles per locus, observed and expected heterozygosity. Departure from Hardy-Weinberg equilibrium and genetic differentiation between all pairs of populations were tested using G 3.3 program (Raymond and Rousset 1995) . To investigate the discriminating power of the 15 chosen loci and to reveal a possible hatchery contamination among the wild population, autoassignment and assignment tests were performed with the G program (Cornuet et al. 1999 ).
The "Bayesian method" and the "Leave one out" procedure were utilised. For the assignment test, the hatchery samples were used as baseline samples and the wild individuals as unknown file. 
Results
Genotypes were obtained for 15 loci since StrAE43INRA is duplicated. Multi-locus and Multi-population HardyWeinberg tests were not significant except for StrAE43/iINRA which systematically deviated from H-W expectations and was excluded. AMOVA did not reveal any significant difference between 96 and 97 cohorts within each ecotype (p-value = 0.132) and between ecotypes (p = 0.331) and most of the variation (95.4%) occurred within samples. Cohorts of the same form were grouped together in subsequent analyses. The total number of alleles per locus ranged from 6 to 41 and expected heterozygosity from 0.789 to 0.828 (Table 2) . Multi-locus tests for differentiation were highly significant between domesticated strains and the Oir population (two forms grouped). In addition, some alleles which were present at relatively high frequencies in domesticated stocks were not found in the natural population. This suggests that stocking impact was low or absent in the study area. The autoassignment test gave 81.41% of the individuals correctly reassigned to their population of origin. All the individuals were correctly reassigned to their group of origin: natural or hatchery. None of the natural individuals were reassigned to a hatchery population. Inside the two groups, natural and hatchery, most of the individuals were correctly assigned to their sample of origin. However, in the natural group for 50% of the individuals the test failed to choose between anadromous or resident form. Three individuals of the resident form were reassigned in the anadromous form and five of the anadromous form to the resident form.
Discussion
No significant genetic differentiation was found between anadromous and resident samples of Salmo trutta in the Oir basin. The AMOVA also showed that the differentiation between two successive cohorts was not significant, but much higher than divergence between forms. This illustrates the need to take into account or avoid temporal variation in such kind of studies as already pointed out (Palm et al. 2003) . Our finding is in agreement with some other studies which did not report any genetic differentiation between sympatric anadromous and resident trout (Hindar et al. 1991; Cross et al.1992; Pettersson et al. 2001 ). Fergusson et al. (1995 reported nonsignificant Fst values between resident and anadromous brown trout for nuclear loci (microsatellites and allozymes) and significant Fst estimates based on mtDNA, indicating genetic differences between females of the two forms. These data could reflect some degree of reproductive barrier via females or, alternatively, the higher sensitivity of mtDNA to small population sizes. Sympatric anadromous and resident brown trout from Kerguelen archipelago were also found statistically undifferentiated (Guyomard et al. 1984) . However, in this particular case, a lack of differentiation was not surprising since the two ecotypes have emerged from the same gene pool recently introduced in the island waters (Guyomard et al. 1984 ).
The Oir basin shows some peculiar characteristics which preclude any generalisation of the present findings. First of all, this small basin is accessible to the two forms on most of its length and, therefore, their spawning areas overlap considerably. Secondly, 80% of the anadromous component of the Oir basin are finnocks (Baglinière J.-L., com. pers.) which return to the river for spawning at moderate size while the resident trout have a good growth and can attain an adult size comparable to that of finnocks (Gouraud 1999) . This characteristic could also facilitate the upstream migration and dispersion of the anadromous component and increase the probability of interbreeding between the two forms. On the contrary, the proportion of finnocks among sea trout is much lower in other Normandy rivers and larger size differences are found between the two ecotypes (Euzenat et al. 1999) . These larger size differences are likely to reduce the extent of contact between the two forms for three reasons: (i) large anadromous fish will need larger spawning habitats located rather in the downstream parts of the large rivers; (ii) on the contrary, resident trouts might spawn rather in the upper parts of the watershed in relation with their smaller size; (iii) the differences might increase the impact of behavioural barrier related to size during spawning. This is expected to reduce gene flow between ecotypes and could result in some degree of differentiation between them.
Finally, although we were unable to detect any stocking impact in the Oir population, introgression between hatchery and natural populations has been frequently reported in Atlantic brown trout (Hauser et al. 1991; Hindar 1991b; Hansen et al. 2001; Palm et al. 2003) . Furthermore, the impact of introgression can differ according to the river under investigation and the life strategy. Hansen et al. (2000) found that the effect was more important on the resident than on the anadromous component. On the contrary, Krieg and Guyomard (1985) found that the resident and the anadromous component of brown trout in the Orne river (which belongs to the same region as the Oir river) were substantially differentiated, but suggested that the anadromous component could be of an hatchery origin.
No differentiation between the anadromous and resident forms coexisting in the Oir basin was found in this study. However, such a finding could be related to the small size of the watershed which affect the adult size and the extent of sympatry and cannot be generalized. The present investigation should be extended to the headwaters of the Oir watershed where sea trout is not found and to larger Normandy basins where large anadromous and resident trouts coexist and which correspond to different ecological and demographic contexts.
